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FIG. 1 



HEADER INFORMATION (SECTION DEFINITION ETC.) 

TOTAL NODE NUMBER N 

NODE NUMBER 1 

NODE ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



LATITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #1-m. 



NODE NUMBER N 



NODE ATTRIBUTE INFORMATION OF NODE N 



LONGITUDE OF NODE N 



LATITUDE OF NODE N 



TOTAL NUMBER OF NODES CONNECTED TO NODE N 



CONNECTION NODE NUMBER #1 



LINK NUMBER #N-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #N-m 



TOTAL LINK NUMBER L 



LINK NUMBER 1 



ROAD ATTRIBUTE INFORMATION OF LINK 1 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK 1 



LONGITUDE OF INTERPOLATION 
POINT 1-1 



LATITUDE OF INTERPOLATION 
POINT 1-1 



LONGITUDE OF INTERPOLATION 
POINT 1-p 



LATITUDE OF INTERPOLATION 
POINT 1-p 



LINK NUMBER L 

ROAD ATTRIBUTE INFORMATION OF LINK L 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK L 



LONGITUDE OF INTERPOLATION 
POINT L-1 


LATITUDE OF INTERPOLATION 

POINT L-1 j 




LONGITUDE OF INTERPOLATION 
POINT L-p 


LATITUDE OF INTERPOLATION 
POINT L-p 
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FIG. 3 

UPPER-GRADE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N1 



NODE NUMBER 1 



NODE ATTRIBUTE INFORMATION OF NODE 1 



LATITUDE OF NODE 1 



LONGITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #J1 



LINK NUMBER #J1-1 



CONNECTION NODE NUMBER #Jm 



LINK NUMBER #J1-m 



NODE NUMBER S 



NODE ATTRIBUTE INFORMATION OF NODE S 



LONGITUDE OF NODES 



LATITUDE OF NODE S 



TOTAL NUMBER OF NODES CONNECTED TO NODE S (=1) 



CONNECTION NODE NUMBER #J1 



LINK NUMBER #SJ1 



TOTAL LINK NUMBER L1 



LINK NUMBER A 



ROAD ATTRIBUTE INFORMATION OF LINK A 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK A 



LONGITUDE OF INTERPOLATION 
POINT A-1 



LATITUDE OF INTERPOLATION 
POINT A-1 



LONGITUDE OF INTERPOLATION 
POINT A-p 



LATITUDE OF INTERPOLATION 
POINT A-p 



LINK NUMBER SJ1 



ROAD ATTRIBUTE INFORMATION OF LINK SJ1 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK SJ1 



LONGITUDE OF INTERPOLATION 
POINT 1 



LATITUDE OF INTERPOLATION 
POINT 1 



LONGITUDE OF INTERPOLATION 
POINT p 



LATITUDE OF INTERPOLATION 
POINT p 
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(b) 



MIDDLE-GRADE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N2 



NODE NUMBER 1 



NODE ATTRIBUTE INFORMATION OF NODE 1 



LATITUDE OF NODE 1 



LONGITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #K1 



LINK NUMBER #K1-1 



CONNECTION NODE NUMBER #Krn 



LINK NUMBER #K1-m 



NODE NUMBER S 



NODE ATTRIBUTE INFORMATION OF NODE S 



LONGITUDE OF NODE S 



LATITUDE OF NODE S 



TOTAL NUMBER OF NODES CONNECTED TO NODE S (=2) 



CONNECTION NODE NUMBER #K1 



LINK NUMBER #SK1 



CONNECTION NODE NUMBER #K2 



LINK NUMBER #SK2 



TOTAL LINK NUMBER L2 



LINK NUMBER B 



ROAD ATTRIBUTE INFORMATION OF LINK B 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK B 



LONGITUDE OF INTERPOLATION 
POINT B-1 



LATITUDE OF INTERPOLATION 
POINT B-1 



LONGITUDE OF INTERPOLATION 
POINT B-p 



LATITUDE OF INTERPOLATION 
POINT B-p 



LINK NUMBER SK2 
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LU 



ROAD ATTRIBUTE INFORMATION OF LINK SK2 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK SK2 



LONGITUDE OF INTERPOLATION 
POINT 1 



LATITUDE OF INTERPOLATION 
POINT 1 
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LONGITUDE OF INTERPOLATION 
POINT q 



LATITUDE OF INTERPOLATION 
POINT q 
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LOWER-GRADE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 

™ TOTAL NODE NUMBER N3 



NODE NUMBER 1 



NODE ATTRIBUTE INFORMATION OF NODE 1 



LATITUDE OF NODE 1 



LONGITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #1-m 



NODE NUMBERS 



NODE ATTRIBUTE INFORMATION OF NODE S 



LONGITUDE OF NODE S 


LATITUDE OF NODE S 


TOTAL NUMBER OF NODES CONNECTED TO NODE S (=3) 


CONNECTION NODE NUMBER #M1 


LINK NUMBER #SM1 


CONNECTION NODE NUMBER #M2 


LINK NUMBER #SM2 


CONNECTION NODE NUMBER #M3 


LINK NUMBER #SM3 






TOTAL LINK NUMBER L3 



LINK NUMBER C 



ROAD ATTRIBUTE INFORMATION OF LINK C 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK C 



LONGITUDE OF INTERPOLATION 
POINT C-1 



LATITUDE OF INTERPOLATION 
POINT C-1 



LONGITUDE OF INTERPOLATION 
POINT C-p 



LATITUDE OF INTERPOLATION 
POINT C-p 



LINK NUMBER SM2 



ROAD ATTRIBUTE INFORMATION OF LINK SM2 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK SM2 



LONGITUDE OF INTERPOLATION 
POINT 1 



LATITUDE OF INTERPOLATION 
POINT 1 



LONGITUDE OF INTERPOLATION 
POINT r 



LATITUDE OF INTERPOLATION 
POINT r 
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Q START •) 



FIG. 5 



I d 

EXECUTE MAP MATCHING 
OPERATION IN HIGH-GRADE LAYER 
AS HIGH AS BEING PERMITTED IN 
HIGH SPEED 



St.1 



St.2 



REFER TO/ACCUMULATE 
ADDITIONAL INFORMATION OF 
NETWORK DATA, AND JUDGE AS TO 

WHETHER OR NOT RESEMBLING 
SHAPED ROAD IS PRESENT IN NEAR 
PLACE IN LOWER-GRADE LAYER 



,St.3 

ROAD WHICH^ 
MAY BE ERRONEOUSLY 
MATCHED IS 
PRESENT? 



NOT PRESENT 



PRESENT 



MUTUALLY COMPARE SHAPE 
VECTOR, MATCHING ROAD, AND 

PARALLEL-TRAVELING 
RESEMBLING SHAPE WITH SHAPE 



^St.5 

JUDGMENT ^ 
"RELEVANT ROAD IS 
CORRECT" CAN BE 
MADE? 

Pyes 



,St.6 



DETERMINE AS RELEVANT ROAD 



St.7 



NEWLY EXECUTE MAP 
MATCHING OPERATION IN 
LOW-GRADE LAYER AS LOW 
AS BEING PERMITTED 



END ^ 
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FIG. 7 



Q START ^ ) 



,St.10 



SET LAYER WHICH IS USED TO 
UPPERMOST-GRADE LAYER 
(LAYER NUMBER M=1) 



St.11 



EXECUTE MAP MATCHING 
OPERATION 



St. 12 



CALCULATE EVALUATION VALUE 



,St.13 

MAP" 
MATCHING 
CAN SUCCEED, AND^ 
EVALUATION VALUE IS 
^SMALLER THAN, OR EQUAL^ 
TO DETERMINED 
VALUE? 



YES 



,St.16 



MAP MATCHING 
OPERATION FAILS IN 
.LOWERMOST-GRADE. 
LAYER? 



St. 14 



YES 



IDENTIFY OBJECTIVE ROAD 



St.17 



MAP MATCHING 
OPERATION FILES 



( END ) 



St. 15 



TRANSFERRED TO 
LOWER-GRADE LAYER 
(LAYER NUMBER M=M+1) 
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FIG. 8 



PARALLEL-TRAVELING 
ROAD "n" IN 
LOWER-GRADE LAYER 



ROUTE LINE SECTION 
OF UPPER-GRADE LAYER 



SECTION LENGTH = S 
STRUCTURAL NODE NUMBER = J 
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FIG. 9 



EXAMPLE IN WHICH PARALLEL-TRAVELING 
ROAD IS CUT IN HALFWAY 



10^5093 
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FIG. 10 



(a) 



EXAMPLE OF MAP MATCHING PURPOSE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



LATITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #1-m 



TOTAL LINK NUMBER L 



LINK NUMBER 1 



ROAD ATTRIBUTE INFORMATION OF LINK 1 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK 1 
TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK 1 



LONGITUDE OF INTERPOLATION 
POINT 1-1 



LATITUDE OF INTERPOLATION 
POINT 1-1 



LONGITUDE OF INTERPOLATION 
POINT 1-p 



LATITUDE OF INTERPOLATION 
POINT 1-p 



LINK NUMBER L 



ROAD ATTRIBUTE INFORMATION OF LINK L 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK L 
TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK L 



LONGITUDE OF INTERPOLATION 
POINT L-1 



LATITUDE OF INTERPOLATION 
POINT L-1 



LONGITUDE OF INTERPOLATION 
POINT L-p 



LATITUDE OF INTERPOLATION 
POINT L-p 



O 
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PARALLEL-TRAVELING RESEMBLING SHAPED ROAD 
PRESENCE/ABSENCE INFORMATION 
(IN CASE THAT ONE DIRECTION IS REPRESENTED BY 1 LINK) 

PRESENCE/ABSENCE OF PARALLEL-TRAVELING RESEMBLING 
SHAPE (PRESENCE/PRESENCE IN PARTIAL SECTION/ABSENCE) 

CONNECTION/NON-CONNECTION AT UP/DOWN-STREAM SIDED 

INTERSECTIONS 
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FIG. 11 



UPPER-GRADE LAYER ROAD 



PARALLEL-TRAVELING 
RESEMBLING SHAPED 
ROAD 




CONNECTION CONDITION 
= NOT YET CONNECTED 



THERE IS NO RISK THAT 
PARALLEL-TRAVELING RESEMBLING 
SHAPED ROAD IS ERRONEOUSLY 
MATCHED 
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FIG. 12 



(a) 



EXAMPLE OF MAP MATCHING PURPOSE ROAD NETWORK DATA 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 



f 



TOTAL NODE NUMBER N 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



LATITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #1-m 



TOTAL LINK NUMBER L 



LINK NUMBER 1 



ROAD ATTRIBUTE INFORMATION (ROAD SPAT ETC.) OF LINK 1 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK 1 
TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK 1 



LONGITUDE OF INTERPOLATION 
POINT 1-1 



LATITUDE OF INTERPOLATION 
POINT 1-1 



LONGITUDE OF INTERPOLATION 
POINT 1-p 



LATITUDE OF INTERPOLATION 
POINT 1-p 



LINK NUMBER L 



ROAD ATTRIBUTE INFORMATION (ROAD SPAT ETC.) OF LINK L 



PARALLEL-TRAVELING CONNECTING SHAPE ATTRIBUTE OF LINK L 



TOTAL STRUCTURAL INTERPOLATION POINT OF LINK L 



LONGITUDE OF INTERPOLATION 
POINT L-1 



LATITUDE OF INTERPOLATION 
POINT L-1 



LONGITUDE OF INTERPOLATION 
POINT L-p 



LATITUDE OF INTERPOLATION 
POINT L-p 
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(b) 

PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE INFORMATION 
(IN CASE THAT ONE DIRECTION IS INDICATED BY 1 LINK) 



DECLINATION ACCUMULATED VALUE OF LINK 1. 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE OF LINK 1 



TOTAL NUMBER OF PARALLEL-TRAVELING RESEMBLING SHAPES 



RESEMBLING SHAPE 
EVALUATION VALUE 



ROAD ATTRIBUTE 



HIERARCHICAL LAYER 



ENTIRE/PARTIAL IDENTIFY 



DECLINATION ACCUMULATED VALUE 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE 



FLUCTUATION,(STANDARD DEVIATION) WITH RESPECT TO LINK 1 



CONNECT/NOT CONNECT AT UP-STREAM SIDED INTERSECTION 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE 
(MINIMUM VALUE) OF CONNECTION PORTION 



RESEMBLING SHAPE 
EVALUATION VALUE 



ROAD ATTRIBUTE 



HIERARCHICAL LAYER 



ENTIRE/PARTIAL IDENTIFY 



DECLINATION ACCUMULATED VALUE 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE 



FLUCTUATION (STANDARD DEVIATION) WITH RESPECT TO LINK 1 



CONNECT/NON-CONNECT FLAG TO 
UP-STREAM SIDED INTERSECTION 



DECLINATION ABSOLUTE VALUE ACCUMULATED VALUE 
(MINIMUM VALUE) OF CONNECTION PORTION 



>1 



J 



J 



CD 
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FIG. 13 



( START ) 



,St.1 



EXECUTE MAP MATCHING 
OPERATION IN HIGH-GRADE LAYER 
AS HIGH AS BEING PERMITTED SO 
AS TO IDENTIFY ROAD 



St.2 



REFER TO ADDITIONAL 
INFORMATION OF NETWORK DATA, 
AND JUDGE AS TO WHETHER OR 
NOT RESEMBLING SHAPED ROAD 
IS PRESENT AT ADJACENT AREA IN 
LOWER-GRADE LAYER? 




PRESENT IN 
PARTIAL 
SECTION, 
OR ENTIRE 
SECTION 



St.41 



CALCULATE SHAPE 
REPRESENTATIVE VALUE 
OF SHAPE VECTOR 



,St.42 



COMPARE SHAPE 
REPRESENTATIVE VALUE OF 
SHAPE VECTOR AND ROAD 
SORT WITH SHAPE 
REPRESENTATIVE VALUE/ROAD 
ATTRIBUTE OF MATCHED ROAD 
AND SHAPE REPRESENTATIVE 
VALUE/ROAD ATTRIBUTE OF 
PARALLEL-TRAVELING ROAD 



NOT PRESENT 



NO POSSIBILITY 



xSt.5 

'POSSIBILITY" 
OF ERROR MATCHING 
OPERATION IS 
^EVALUATED?, 

POSSIBILITY^ .St.71 



JUDGE UPPERMOST-GRADE 
LAYER WHERE PARALLEL- 
TRAVELING ROAD IS PRESENT 

BASED UPON SHAPE 
REPRESENTATIVE AND ROAD 
ATTRIBUTE (WHEN LAYER IS 

NOT CLEAR, JUDGE 
LOWERMOST-GRADE LAYER) 



St.72 



EXECUTE MAP MATCHING 
OPERATION IN RELEVANT 
LAYER 



St.6 



DETERMINE IDENTIFIED ROAD 



St.73 



IDENTIFY OBJECTIVE ROAD 



( END ) 
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FIG. 14 



(1) SHAPE VECTOR 




(2) ROUTE LINE SECTION 
OF UPPER-GRADE LAYER 
(1 LAYER) 

(3) PARALLEL-TRAVELING 
\ ROAD WHICH IS BENT IN 

if CRANK SHAPE (LOWER- 

* GRADE LAYER (3 LAYERS)) 



FIG. 15 



EXAMPLE IN WHICH PARALLEL-TRAVELING 
ROAD IS PRESENT IN PARTIAL SECTION 

PARALLEL-TRAVELING ROAD 
ALONG MAJOR ROAD 



MAJOR ROAD 
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FIG. 19 



INTERSECTION 
NODE- 



SKIP 
'DISTANCE 




SKIP 
DISTANCE 



SKIP 
DISTANCE- 



/SKIP 
/ DISTANCE-. 



RETURN DISTANCE WHEN 
MATCHING OPERATION IS~ 
TRANSFERRED TO LOWER- 
GRADE LAYER 




INTERLAYER 
LINKING NODE 



FIG. 20 



SKIP DISTANCE 



SHAPE VECTOR 

\ 

• • • a 




•EITHER OBJECTIVE 
ROAD IN WHICH CRANK 
SHAPE IS FEATURED OR 
PARALLEL-TRAVELING 
RESEMBLING SHAPE 
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FIG. 21 



HEADER INFORMATION 
(HIERARCHICAL NUMBER/SECTION DEFINITION ETC.) 

TOTAL NODE NUMBER N 

NODE NUMBER 1 

ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



LATITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #1-m 



TOTAL LINK NUMBER L 



LINK NUMBER 1 



ROAD ATTRIBUTE INFORMATION OF LINK 1 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK 1 
UPPERMOST-GRADE LAYER NUMBER OF PRESENT ROAD 
TOTAL STRUCTURAL INTERPOLATION POINT OF LINK 1 



LONGITUDE OF INTERPOLATION 
POINT 1-1 



LATITUDE OF INTERPOLATION 
POINT 1-1 



RECOMMENDED SKIP DISTANCE IN LINK BETWEEN 1-1 AND 1-2 

(RETURN DISTANCE IN LINK BETWEEN 1 -1 AND 1 -2 WHEN MAP 
MATCHING OPERATION IS TRANSFERRED TO LOWER-GRADE LAYER) 



LONGITUDE OF INTERPOLATION 
POINT 1-2 



LATITUDE OF INTERPOLATION 
POINT 1-2 



LONGITUDE OF INTERPOLATION 
POINT 1-p 



LATITUDE OF INTERPOLATION 
POINT 1-p 
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FIG. 22 



( START ) 



* cL 

SEARCH CANDIDATE POINTS 

(N PIECES) LOCATED AROUND 

END TERMINAL IN 
LOWERMOST-GRADE LAYER 



St.51 



St.52 



EXECUTE MAP MATCHING 
OPERATION WITHIN SHORT 

SECTION, AND HOLD 
PLURALITY OF CANDIDATES 



IDENTIFY RELEVANT LAYER 
NUMBER 



IN CASE THAT LAYER NUMBERS 

ARE CONTINUOUSLY SAME, 
REFER TO WP SKIP DISTANCE 
(IN OTHER CASES, REFER AT 
ADJACENT CONTACT POINT IN 
PRINCIPLE) SO AS TO 
DETERMINE NEXT WP, AND 
SEARCH CANDIDATE POINT *1 



.St.55 



SEARCHING 
OPERATION OF 
CANDIDATE POINT CAN 
SUCCEED? 




NO 



,St.56 



IN CASE THAT SUCCESS OF 
CANDIDATE POINT SEARCHING 
OPERATION IS CONTINUED AND 

RELEVANT ROAD IS DEFINED 
ALSO IN UPPER-GRADE LAYER, 
MAP MATCHING OPERATION IS 
TRANSFERRED TO UPPER- 
GRADE LAYER 



WP TO BE SEARCHED IS RETURNED 
UP TO EITHER POSITION OF 
INTERLAYER LINKING NODE OR 
RETURN DISTANCE WHEN MAP 
MATCHING OPERATION IS 
TRANSFERRED TO LOWER-GRADE 
LAYER, AND THEN MAP MATCHING 
OPERATION IS TRANSFERRED TO 
LOWER-GRADE LAYER 




C END ~} 
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FIG. 24 



SHAPE VECTOR DATA STREAM 



BASE MAP PRECISION INFORMATION OF SHAPE VECTOR 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 1 



ROAD ATTRIBUTE 



MAXIMUM DEFORMATION AMOUNT [m] WHEN DEFORMATION IS 
MADE SO AS TO PREVENT ERRONEOUS MAP MATCHING OPERATION 



MAXIMUM ALLOWABLE ERROR AMOUNT [m] WHEN NON- 
REVERSIBLE COMPRESSING OPERATION IS CARRIED OUT 



TOTAL NODE NUMBER OF SHAPE DATA AFTER COMPRESSING 

OPERATION 



NODE NUMBER p1 



X-DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



Y-DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



SHAPE DATA WHICH HAS BEEN NONREVERSIBLE-COMPRESSED 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 100 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = ZZ 



16 
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FIG. 25 



Q START ^ 



,St.20 



ACQUIRE PRECISION INFORMATION 
(A) OF BASE MAP FROM SHAPE 
VECTOR DATA STREAM 



^St.21 



ACQUIRE MAXIMUM DEFORMATION 
AMOUNT(B) WHEN DEFORMATION 
IS MADE SO AS TO PREVENT 
ERROR MATCHING OPERATION 
; FROM SHAPE VECTOR DATA 
STREAM 



^St.22 



ACQUJRE MAXIMUM ALLOWABLE 
ERROR(C) WHEN DEFORMATION IS 

MADE SO AS TO PERFORM NON- 
REVERSIBLE COMPRESSION FROM 

SHAPE VECTOR DATA STREAM 



^St.23 



DETERMINE CANDIDATE POINT 
SEARCHING RANGE FROM (A), (B), 
"(C) 



Q END 
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(a) 



FIG. 26 



( START ) 



.St. 10 



SET LAYER WHICH IS USED TO 
UPPERMOST-GRADE LAYER 
(LAYER NUMBER M = 1) 



St.11 



EXECUTE MAP MATCHING 
OPERATION (WHEN CANDIDATE 
POINT SEARCHING OPERATION 
CONTINUOUSLY FAILS, PROCESS 
OPERATION IS INTERRUPTED) 



St.12 



CALCULATE EVALUATION VALUE 



,St.13 

"CANDIDATE" 
POINT SEARCHING 
'OPERATION CAN SUCCEED AND" 
EVALUATION VALUE IS SMALLER 
THAN, OR EQUAL TO 
DETERMINED 
J/ALUE?. 



NO 



YES 



YES, 



St. 14 



IDENTIFY OBJECTIVE ROAD 



St.18 



SET HIT NUMBER COUNTER TO 
OBJECTIVE ROAD 



,St.16 

MAP 
MATCHING 
OPERATION FAILS IN 
JJPPERMOST-GRADE. 
LAYER? 



NO. 



,St.15 



( END ) 



MAP MATCHING OPERATION 
IS TRANSFERRED TO 
LOWER-GRADE LAYER 
(LAYER NUMBER M = M + 1) 



(b) 



( START ) 



St.80 



CALCULATE HIT RATIO IN UNIT OF ROAD SECTION BASED 
UPON RECEPTION TIME AND HIT NUMBER COUNTER 



St.81 



UPDATE HIERARCHICAL LAYER NETWORK DATA, AND 
RESET RECEPTION TIME AND HIT NUMBER COUNTER 



( END ) 
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= : LINK WHICH IS HIT IN RELEVANT LAYER 



FIG. 28 
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UPPER-GRADE ROAD NETWORK DATA 



(a) 




I CONNECTION NODE NUMBER I #Ji J 



HEADER INFORMATION 
(HIERARCHICAL LAYER NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N1 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



LATITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #J1 



LINK NUMBER #J1-1 



CONNECTION NODE NUMBER #Jm 



LINK NUMBER #J1-m 



; / / j / / / j / / s s j s s r rsv J * jjsj 

NODE NUMBER S 

40 0 < <> 0 0 4 Wj r.r./j r 



,„ v \ v v v v v v V ' 7 v v v v v v v v v ? v v v v v v v v- v v I> v v v» v vvvv frvv v » y v y v v vv vv yvy/// 

^ NODE ATTRIBUTE INFORMATION OF NODE S 



p LONGITUDE OF NODE S j 



^LATITUDE OF NODE S 



TOTAL NUMBER OF NODES CONNECTED TO NODE S (=2) 



s j s j j / 1 s / s ss v * j - 7 s ss s ssrsrrv ' s / s s /j > s s ss s / s 



CONNECTION NODE NUMBER #J2 



i LINK NUMBER #SJ1 




LINK NUMBER #SJ2 



TOTAL LINK NUMBER L1 



LINK NUMBER A 



ROAD ATTRIBUTE INFORMATION OF LINK A 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK A 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK A 



LONGITUDE OF INTERPOLATION 
POINT A-1 



LATITUDE OF INTERPOLATION 
POINT A-1 



LONGITUDE OF INTERPOLATION 
POINT A-p 



LATITUDE OF INTERPOLATION 
POINT A-p 




V V V 9 V V ? V ? V V 5> V v y V V V 



^ LINK NUMBER SJ1 



ZZROAD ATTRIBUTE INFORMATION OF LINK SJ1 



?f PARALLEL-TRAVELING CONNECTING SHAPE ATTRIBUTE OF LINK SJTp 



V •? V » V '/ V » V » V » r v V » f ; » V f ; » V » » V V 0> » » '/ *7 r ; ( Sj 



IJOJAL STRUCTURAL INTERPOLATION POINT OF LINK SJ1 



" LATITUDE [ OF INf ERPOLAfTON^ 




O 

o 
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LOWER-GRADE ROAD NETWORK DATA 




>S s J S s S S J J y S J y y y y y - y m r ? S / SS / SS S J y J / J r . . 

^CONNECTION NODE NUMBER 

r S*yfS'rsyyssysSs,yssssj>s J 'j>,,s,,,,yyy,,yy 



HEADER INFORMATION 
(HIERARCHICAL LAYER NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N1 



NODE NUMBER 1 



ATTRIBUTE INFORMATION OF NODE 1 



LONGITUDE OF NODE 1 



LATITUDE OF NODE 1 



TOTAL NUMBER OF NODES CONNECTED TO NODE 1 



CONNECTION NODE NUMBER #1 



LINK NUMBER #1-1 



CONNECTION NODE NUMBER #m 



LINK NUMBER #1-m 



p NODE NUMBER S 

< Vj 'j <i x j 1 < <■ 1 < < <■ < <. < 1 <■ <. x . < <■ "~. 1 ^ < 



, , yvvvyr v v v v * v v vVvrirrTV v v v »vvv vvv*^ 

^ NODE ATTRIBUTE I N FO R M ATI ON OF NODES 




^LONGITU DE OF NODE S ; 



^LATITUDE OF NODE S* 



TOTAL NUMBER OF NODES CONNECTED TO NODE S (=3) 



CONNECTION NODE NUMBER #K1 



CONNECTION NODE NUMBER #K3 




LINK NUMBER #SK1 



; NUMBER #SK2j 

Zs^^^yy^ //////>///////////// 



LINK NUMBER #SK3 



TOTAL LINK NUMBER L2 



LINK NUMBER B 



ROAD ATTRIBUTE INFORMATION OF LINK B 



PARALLEL-TRAVELING RESEMBLING SHAPE ATTRIBUTE OF LINK B 



TOTAL STRUCTURAL INTERPOLATION POINT NUMBER OF LINK B 



LONGITUDE OF INTERPOLATION 
POINT B-1 



LATITUDE OF INTERPOLATION 
POINT B-1 



LONGITUDE OF INTERPOLATION 
POINT B-p 



LATITUDE OF INTERPOLATION 
POINT B-p 



LINK NUMBER SK2 

: < » C 3 0£ 4 4 4 0 4 4 C 4 <^ 4 4 4 4 4 1 4 4 r ^ >o <; c c f, 



r y/S ' ' syss'ss yr f **y**fs*sysys*fsrfy'yjjs/ / / /^/T/^T/'V V V / V////y////Vy/'/' 

INROAD ATTRIBUTE INFORMATION OF LINK SK2# 




^JOTAL STRUCTURA L INTERPOLATION POINT OF LINK SK2 

r . f . r . ( . ' . f . f . f t f f' f f''r/f''<'<'fS''e''trtt'f>'<'' s,ystyyy,yyyy/sfsssfy,*,ss,y,yy, 
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(c) 

CACHE LAYER ROAD NETWORK DATA (HATCHED PORTIONS OF 
UPPER-GRADE/LOWER-GRADE LAYER DATA ARE COPIED, AND EVERY 
TIME TOTAL NUMBER OF NODES IS CALCULATED, CACHE LAYER ROAD 
NETWORK DATA IS PRODUCED) 



HEADER INFORMATION 
(HIERARCHICAL LAYER NUMBER/SECTION DEFINITION ETC.) 



TOTAL NODE NUMBER N (SEQUENTIALLY ADD EVERY COPY) 




%, NODE NUMBERS 




|g ATTRIBUTE INFORMATION OF NODE S 

<T<T4 4446444444 < V0 040 44 4 44 4 4 4 4 44 4 4 4 4 4 4 4 4 4 4 f . 4 t / ■ f . s . s. 4 4 44 4 4 



. rjr V V V V V V V V V V V V V V V V V V 7 7 7 777? 7 V !> V 7 7 7 

^ LONGITUDE OF NODE S : 



PLATITUDE OF NODE 

/V>V ///////////////// 



IcONNECTION NODE NUMBER #ji g 



TOTAL N UMBER OF NODES CONNECTED TO NODE S (=2) 

— — — - -- * 



7 77^//^ J J > * S / f J S / / T7-? ? / f J / s / s / 



_: ... __. #.Y«^ 



LINK NUMBER #SJ1 



CONNECTION NODE NUMBER #K2 



LINK NUMBER #SK2 



TOTAL LINK NUMBER L (SEQUENTIALLY ADD EVERY COPY) 




fp LINK NUMBER SJ1 




UROAD ATTRIBUTE INFORMATION OF LINK SJ1 

0 4 4 0 0 4 0 0 0 4 4 0 4 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 <1 4 4 4 4 4 4 4 4 4 4 4 4 4 4444 44 4 r. r. 4 4 4 4 4 ( 4 f e f s 



^^j^^M^^S^m^^ WE ATTRIBUTE OF LINK SJ1; 



^TOTAL STRU CTURAL INTERPOLATION POINT OF LINK SJ1 

rr ( > ^'A' f r -< '44 r f 4 4 44 <f 4 4 44 4 *f_ 4 4 4 4 4 44 4 *A 44 4 4 4 ' / 4 4 < < 4 < 4 4 4 < < : < : < : 4 < < 
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FIG. 29 



UPPER-GRADE LAYER 

NODE J1 




: LINK WHICH IS HIT IN RELEVANT LAYER 
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FIG. 31 



EXAMPLE 1, SHAPE VECTOR DATA STREAM (HIERARCHICAL LAYER 
JUDGING INFORMATION IS ADDED IN UNIT OF SHAPE VECTOR) 

(a) 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 1 
vat HIERARCHICAL LAYER NUMBER ^ 





TOTAL NODE NUMBER 



NODE NUMBER p1 



X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



ABSOLUTE AZIMUTH OF NODE 1 



NODE NUMBER pN 



RELATIVE COORDINATE (xn) OF NODE N 



RELATIVE COORDINATE (yn) OF NODE N 



RELATIVE AZIMUTH OF NODE N 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 100 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = ZZ 



O 

! o 
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(b) EXAMPLE 2, SHAPE VECTOR DATA STREAM (HIERARCHICAL 
LAYER JUDGING INFORMATION IS ADDED IN UNIT OF NODE) 




SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 1 



TOTAL NODE NUMBER 



NODE NUMBER p1 



X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 



ABSOLUTE AZIMUTH OF NODE 1 




HIERARCHICAL LAYER 
*Z NUMBER OF NODE 



NODE NUMBER pN 



RELATIVE COORDINATE (xn) OF NODE N 



RELATIVE COORDINATE (yn) OF NODE N 



RELATIVE AZIMUTH OF NODE N 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 100 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = ZZ 
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FIG. 33 



< PARALLEL-TRAVELING RESEMBLING 
SHAPE EXTRACTING PROCESS OPERATION > 



Q START ^) 



LINK NUMBER L=1 



^St.91 



ACQUIRE INFORMATION AS TO 
LINK L AND PERIPHERAL LINK 
FROM MAP DATABASE 



St.92 



CALCULATE PRESENCE 
CONDITION OF PARALLEL- 
TRAVELING RESEMBLING 
SHAPED ROAD OF LINK L 



_.St.93 



STORE RESULT INTO 
PARALLEL-TRAVELING 
RESEMBLING SHAPE 
DATABASE 



NO 

| ^St.95 
LINK NUMBER L = L+1 ] 
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FIG. 34 



< SHAPE VECTOR PRODUCING 
PROCESS OPERATION > 



( START ) 



St. 100 



ACQUIRE EVENT INFORMATION 



St.101 



PRODUCE SHAPE VECTOR 



St. 102 



CALCULATE NUMBER OF LINK 
CORRESPONDING TO SHAPE 
VECTOR 



St. 103 



ACQUIRE PARALLEL-TRAVELING 
RESEMBLING SHAPE PRESENCE 
STATUSES OF RESPECTIVE LINKS 

FROM PARALLEL-TRAVELING 
RESEMBLING SHAPE DATABASE 



St. 104 



CALCULATE PRESENCE STATUS OF 
PARALLEL-TRAVELING RESEMBLING 
SHAPED ROAD THROUGH ENTIRE 
SHAPE VECTOR 



.St. 105 

'PARALLEL^ 
TRAVELING 
RESEMBLING SHAPE AROUND 
JSTART/END TERMINALS^ 
IS "NONE"? 



NO 



YES, 



.St. 106 



PARALLEL- 
TRAVELING 
RESEMBLING SHAPED ROAD^ 
CONTAINS EITHER "NONE" OR 
^PARTIAL SECTION" IN HAL£, 
WAY OF SHAPE 
VECTOR?. 

YES 



NO 



,St.107 



DEFORM SHAPE VECTOR (SHAPE 
VECTOR IS ELONGATED ALONG 
ROAD FROM BOTH TERMINALS) 



St. 108 



DETERMINE SHAPE VECTOR ~~| 
( END ) 
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FIG. 35 
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FIG. 36 

(a) SHAPE VECTOR DATA STREAM 

SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 1 
SORT OF VECTOR DATA (= ROAD) 
TOTAL NODE NUMBER 
NODE NUMBER p1 
X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 
Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE 1 
ABSOLUTE AZIMUTH OF NODE 1 



NODE NUMBER pN 
RELATIVE COORDINATE (xn) OF NODE N 
RELATIVE COORDINATE (yn) OF NODE N 
RELATIVE AZIMUTH OF NODE N 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = 100 



SHAPE VECTOR STREAM IDENTIFICATION NUMBER = ZZ 
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(b) TRAVEL TIME INFORMATION 

TOTAL NUMBER V OF TRAVEL TIME PROVIDING SECTIONS 

PROVIDED TRAVEL TIME SERIAL NUMBER = 1 

REFERENCE SHAPE VECTOR STREAM NUMBER = 8 

DIRECTION IDENTIFICATION FLAG 
(FORWARD DIRECTION/REVERSE DIRECTION) 



REFERENCE NODE Pa OF 
STARTING TERMINAL SIDE 



RELATIVE DISTANCE La OF 
STRATTON TERMINAL SIDE 



REFERENCE NODE Pb OF 
END TERMINAL SIDE 



RELATIVE DISTANCE Lb OF 
STRATTON TERMINAL SIDE 



TRAVEL TIME T1 BETWEEN STARTING 
TERMINAL AND END TERMINAL 



PROVIDED TRAVEL TIME SERIAL NUMBER V 

REFERENCE SHAPE VECTOR STREAM NUMBER = 124 

DIRECTION IDENTIFICATION FLAG 
(FORWARD DIRECTION/REVERSE DIRECTION) 



REFERENCE NODE Pc OF 
STARTING TERMINAL SIDE 



RELATIVE DISTANCE Lc OF 
STRATTON TERMINAL SIDE 



REFERENCE NODE Pd OF 
END TERMINAL SIDE 



RELATIVE DISTANCE Ld OF 
STRATTON END SIDE 



TRAVEL TIME Tv BETWEEN STARTING 
TERMINAL AND END TERMINAL = Tv 
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FIG. 37 

(a) 

SHAPE VECTOR DATA STREAM INFORMATION (CODED/COMPRESSED DATA) 



HEADER INFORMATION 



TOTAL SHAPE VECTOR NUMBER N 



SHAPE VECTOR DATA IDENTIFICATION NUMBER =1 



CODE TABLE IDENTIFICATION CODE 



PRECISION INFORMATION OF SHAPE ACQUISITION SOURCE MAP DATA 



ONE-DIRECTION TRAVEL DIRECTION (FORWARD/REVERSE/NON-DIRECTION) 



STARTING TERMINAL NODE NUMBER ps 



X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE ps 



Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE ps 



ABSOLUTE AZIMUTH OF NODE ps 



ps POSITION ERROR(m) 



ps AZIMUTH ERROR (DEGREE) 



MAXIMUM POSITIONAL ERROR(m) 
OF CODED SHAPE DATA 



MAXIMUM AZIMUTH ERROR 
(DEGREE) OF CODED SHAPE DATA 



CODED SHAPE DATA, IT SHOULD BE NOTED THAT CODED 
SHAPE DATA ALSO CONTAINS FOLLOWING INFORMATION: REFERENCE 
CODE SETTING CODE, SECTION LENGTH CHANGING CODE, EOD CODE 



END TERMINAL NODE NUMBER pe 



X DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE pe 



Y DIRECTION ABSOLUTE COORDINATE (LONGITUDE) OF NODE pe 



ABSOLUTE AZIMUTH OF NODE pe 



pe POSITION ERROR (m) 



pe AZIMUTH ERROR (DEGREE) 



SHAPE VECTOR DATA IDENTIFICATION NUMBER = M 



O 

o 



, .U-.K x'z'-M Uu'J 
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(b) TRAFFIC INFORMATION 



HEADER INFORMATION 



TOTAL NUMBER V OF TRAFFIC INFORMATION PROVIDING SECTIONS 



SERIAL NUMBER 1 OF TRAFFIC INFORMATION PROVIDING SECTION 



REFERENCE SHAPE VECTOR STREAM NUMBER = N 



DIRECTION IDENTIFICATION FLAG (FORWARD DIRECTION/REVERE DIRECTION) 



START TERMINAL-SIDED 
REFERENCE NODE pa 



END TERMINAL-SIDED 
REFERENCE NODE pb 



QUANTIZING SECTION LENGTH IDENTIFICATION CODE OF DISTANCE DIRECTION 



TRAFFIC INFORMATION QUANTIZING TABLE IDENTIFICATION CODE 



CODED TABLE IDENTIFICATION CODE 



TOTAL NUMBER OF QUANTIZED UNIT SECTIONS *2 



TRAFFIC INFORMATION (INITIAL VALUE) OF START TERMINAL 



Q 

LU 



TRAFFIC INFORMATION CODED BY DIFFERENCE VALUE WITH 
RESPECT TO PREDICTED STATISTICAL VALUE, IT SHOULD BE NOTED 
THAT TRAFFIC INFORMATION CONTAINS ALSO FOLLOWING 
INFORMATION: SECTION LENGTH CHANGING CODE AND CHANGED 
SECTION LENGTH, TRAFFIC INFORMATION QUANTIZED TABLE 
CHANGING CODE AND CHANGED TABLE NUMBER, REFERENCE NODE 
CORRESPONDING POINT IDENTIFICATION CODE AND CORRESPONDING 
REFERENCE NODE NUMBER + OFFSET DISTANCE 



TRAFFIC INFORMATION PROVIDING SECTION SERIAL NUMBER = W 
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FIG. 38 



START ^ 



St.120 



DETERMINE ROAD NETWORKS 
HAVING WHICH GRADES AS 
SUBJECT 



.St 121 



EXECUTE MAP MATCHING 
OPERATION 



St.122 



CALCULATE EVALUATION VALUE 



;St.123 

MAP 
MATCHING 
'CAN SUCCEED, AND^ 
EVALUATION VALUE IS 
SMALLER THAN, OR EQUAL, 
TO DETERMINED 
VALUE? 



.St.126 



YES 



MAP MATCHING 
OPERATION FAILS IN 
LOWERMOST-GRADE^ 
LAYER? 



,St.124 YES , 



.St. 127 



IDENTIFY OBJECTIVE ROAD 



MAP MATCHING 
OPERATION FILES 



St. 125 



SET ALSO MORE 
LOWER-GRADE LAYER 
AS SUBJECT 
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FIG. 40 



< HIERARCHICAL LAYER TYPE DATA 
PRODUCING PROCESS OPERATION > 



( START ) 



St.130 



SECTION N = 1 



✓St.131 



LINK NUMBER L= 1 



St. 132 



ACQUIRE SECTION N, AND LINK L 
FROM DIGITAL MAP DATABASE, AND 
THEN DETERMINE HIERARCHICAL 
LAYER NUMBER FROM ROAD 
ATTRIBUTE INFORMATION 



St. 133 



ACQUIRE PERIPHERAL ROAD 
INFORMATION OF SECTION N AND 
LINK L 



St. 134 




St.135 



HIERARCHICAL LAYER NUMBER M = 1 



St.136 



CONSTRUCT ROAD NETWORK OF 
HIERARCHICAL LAYER M 



,St.137 

ALL OF 1 
HIERARCHICAL 
LAYERS ARE 
ACCOMPLISHED? 



.St. 142 



LINK NUMBER L = L+1 



YES 



,St.138 



SET INTERLAYER LINKING NODE | 



✓St. 139 



WITH RESPECT TO ALL OF LINKS 
WHICH HAVE BEEN NEWLY FORMED 

IN SECTION N AND HIERARCHICAL 
LAYER M, PRODUCE PARALLEL- 
TRAVELING RESEMBLING SHAPE 
ATTRIBUTE INFORMATION FROM 

PERIPHERAL ROAD INFORMATION 



St. 140 



SET SKIP DISTANCES TO LINKS 
AMONG RESPECTIVE 
INTERPOLATION POINTS 



YES 



St. 143 



END ) 



,St.141 

ALL OF" 
SECTIONS ARE 
ACCOMPLISHED 



HIERARCHICAL LAYER NUMBER 
M = M+1 



St. 144 



SECTION NUMBER N = N+1 
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FIG. 41 

HIERARCHICAL LAYER TYPE DATA PRODUCING DEVICE 



MAP MATCHING-PURPOSE 
ROAD NETWORK 
(UPPER-GRADE LAYER) 



MAP MATCHING-PURPOSE 

ROAD. NETWORK 
(MIDDLE-GRADE LAYER) 



MAP MATCHING-PURPOSE 
ROAD NETWORK 
(LOWER-GRADE LAYER) 



-123 



-124 



-125 



r121 



DATA PRODUCING 
PROCESS UNIT 



DIGITAL MAP 
DATABASE 



-120 
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FIG. 44 

EVENT INFORMATION 



REFERENCE SHAPE VECTOR STREAM NUMBER (= 56) 
EVENT 1 (= CLOSED-TO- ALL-VEHICLES EVENT) 
DETAILED EVENT INFORMATION (CLOSED-TO-ALL-VEHICLES ETC.) 



NODE NUMBER 1 (Pm') 



NODE NUMBER 2 (PiV) 



RELATIVE POSITION OF EVENT FROM Pm' 



DIRECTION IDENTIFICATION FLAG (= 1) 



EVENT "n" (TRAFFIC JAM) 



TRAFFIC JAM DEGREE RANK 



NODE NUMBER 1 (Pm') 



NODE NUMBER 2 (Pn') 



EVENT RELATIVE POSITION 1 FROM Pm' 
(START TERMINAL SIDE OF TRAFFIC JAM) 



EVENT RELATIVE POSITION 1 FROM Pm' 
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